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a b s t r a c t 

Background: Tracheobronchomalacia (TBM) is a severe life- 

threatening perioperative complication. It is a rare condition caused 

by congenital and developmental anomalies of the trachea and/or 

the bronchus. It is often difficult to diagnose TBM before surgery as 

this congenital disease presents very few symptoms preoperatively 

and most often appears postoperatively. 

Case presentation and Review: The study describes a case of cleft- 

lip-plate (CL/P) in a 7-month-old Japanese female with TBM and 

Tetralogy of Fallot syndrome. Before undergoing cleft-lip surgery, 

her TBM was not fully elucidated by preoperative examinations, 

and the operation was completed uneventfully. After the surgery, 

however, she started showing severe respiratory distress and de- 

veloped hypoxia and bradycardia in the operating room. CPR was 

performed successfully, but a bronchoscopy revealed a severely col- 

lapsed airway, and the pathological condition was diagnosed as 

TBM occurred postoperatively. Eight months later, she died of sud- 

den respiratory failure similar to that of the postoperative event 

caused by TBM. A literature review was conducted on the compli- 

cations of CL/P from 1990 to 2017 in Japan. 

Conclusions: It was hypothesized that CL/P with congenital heart 

disease (CHD) and TBM with CHD may crossover in relatively high 

rates. Currently, there are very few solutions available to treat se- 
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vere airway obstruction related to TBM. This highlights the need 

for preoperative diagnosis of TBM as an important step in over- 

coming severe airway complications. 

© 2020 The Author(s). Published by Elsevier Ltd on behalf of 

British Association of Plastic, Reconstructive and Aesthetic 

Surgeons. 

This is an open access article under the CC BY-NC-ND license 
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ntroduction 

Tracheobronchomalacia (TBM) is a life-threatening perioperative complication that can cause se-

ere airway obstruction. TBM is generally a congenital disease, while acquired TBM is rarely caused

y tracheostomy or inflammation of tracheal cartilage in older adult patients. 1–41 For pediatric pa-

ients, anesthetic procedures including use of inhalation analgesics, endotracheal intubation, and pos-

tive pressure ventilation during anesthesia can worsen the collapsibility of the trachea and bronchus.

here should be a focus on patients with asymptomatic TBM as it often causes sudden airway obstruc-

ion during the perioperative period. TBM is difficult to diagnose during preoperative examinations. A

espiratory condition and chest radiography often fall within normal limits. 

TBM usually accompanies other congenital diseases and is often found in cases with cleft-lip

nd/or palate (CL/P) or in cases with congenital heart disease (CHD). TBM, CL/P, and CHD frequently

ccur together. TBM, however, is rarely recognized as a complication in patients with CL/P. Presently,

here are no reports on patients with both TBM and CL/P. The present study highlights a case of TBM

nd CL/P. The pediatric patient presented with critical hypoxia just after cheiloplasty for cleft-lip. She

ad undergone tracheostomy due to repeating pneumonia. The operation was completed without any

omplications; however, she was diagnosed with TBM after the postoperative event of severe hypoxia.

hus, TBM should be considered a life-threatening complication during the perioperative period in

atients with CL/P. 

ase presentation 

The patient involved in this study was a 7-month-old female with Tetralogy of Fallot (TOF). She

as 60 cm in height and 4.75 kg in weight. She underwent the Blalock-Taussig shunt procedure and

atent ductus arteriosus ligation at 57 days of age and tracheotomy due to frequent recurrence of

neumonia and respiratory failure at 102 days of age. In addition to TOF, bilateral CLP and cheilo-

lasty were also performed. Before the surgery, TBM was unnoticed by respiratory specialists and

olaryngologists, although chest radiography ( Fig. 1 fA), bronchoscopy, and computed tomography (CT)

ad all been performed. 

In operation, the 3.5ID cuffed tracheotomy-tube (COVIDEN Co. Ltd.) was kept for general anesthe-

ia, and an anesthetic circuit was connected. Midazolam (Astellas Pharm. Inc.) 0.25 mg, rocuronium

MSD K.K.) 3 mg, and atropine (Mitsubishi Tanabe Pharm. Co.) 0.025 mg were administered for in-

uction of anesthesia. Noninvasive hemodynamic monitoring (AESCULON 

R ©:OSYPKA MEDICALA) and

irect monitoring of arterial pressure with dynamic and flow-based hemodynamic parameters (Flo-

rac sensor and Vigileo monitor R ©:Edwards Lifesciences) were used to evaluate cardiac output. Anes-

hesia was maintained with 2%–2.5% of desflurane gas (USP Baxter Inc.) in oxygen (1 L/min) and air

1 L/min). The operation was completed without any complications in four hours and six minutes. To-

al infusion volume was 251 ml, total blood loss volume was 7 ml, and urine volume was 7 ml. After

he operation, the patient emerged from general anesthesia without any complications. Spontaneous

espiration was stable, and SpO 2 was 86%–89% in room air. 

However, when the patient was transferred over from the operating table to the stretcher, she

tarted crying, and a severe respiratory distress response appeared simultaneously. Paradoxical breath-

ng was observed, and severe airway obstruction was suspected. The anesthetic circuit was connected
61 
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Fig. 1. (A) Chest Radiography shows normal lung, trachea, and bronchus before the operation. (B) CT image shows luminal 

narrowing of the trachea and bronchus (white arrow). The image was taken after the operation. 

Fig. 2. Progress of the clinical report. 
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o the tracheotomy-tube again, and positive pressure ventilation was attempted. However, the doctors

ould not ventilate properly as the ventilation-bag was too stiff, and the inflated flow was released

hrough the mouth when the pressure was increased to more than the leak pressure. At first, the pa-

ient was agitated and uncooperative. Soon after, she lost consciousness and collapsed. Her SpO 2 de-

reased suddenly, and severe bradycardia started. The heart rate dropped from 134 to 38 beats/min,

nd SpO 2 and blood pressure could not be assessed. The emergency team arrived in the operation

oom and started CPR with manual chest compression keeping continuous positive pressure venti-

ation. Atropine (Mitsubishi Tanabe Pharm. Co.) 0.025 mg IV was administered. Inflation of oxygen

as possible only during chest compression. Gradually, these attempts lead to oxygen desaturation.

pontaneous respiration also recovered gradually ( Fig. 2 ). Bronchoscopy through the tracheotomy-tube

evealed that severe stenosis existed from the trachea to the mainstem bronchi ( Fig. 3 ). TBM was di-

gnosed as the trachea and bronchus wall were collapsed and invaginated. The narrowest tracheal

iameter was 2 mm ( Fig. 3 ). 

After CPR, SpO 2 recovered to 88%–90% (FiO 2 1.0) with positive pressure ventilation. However, SpO 2

as 80%–82% upon spontaneous breathing. In order to prevent the narrowing of the trachea and

ronchi in relation to TBM during spontaneous respiration, respiratory support with noninvasive pos-

tive pressure ventilation was provided. The patient was transferred to NICU without any additional

omplications ( Table 1 ). Anesthesia time lasted 7 h and 42 min. The patient was weaned off the ven-

ilator two hours later and taken to the children’s ward after two days. After a few days, however, her
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Fig. 3. Bronchoscopy image shows crescent type of collapsed trachea (A) and bronchi (B). 

Table 1 

Blood gas analysis and hemodynamic parameter findings during the operation. The patient showed hypoxia due to 

hypoventilation especially at time of 2 ©. 

Items Average \ Mesurement Pre-operation 1 © 2 © 3 ©
pH 7.40 ± 0.02 7.432 7.429 7.317 7.369 

PaO 2mm Hg) 80~100 36.4 39.0 42.3 34.2 

PaCO 2(mm Hg) 35~45 36.4 38.4 38.7 37.8 

SaO 2(%) Less than 89 70.2 75.6 73.2 62.6 

tHb (g/dL) 10~15 14.1 13.1 12.4 10.9 

HCO 3 - (m mol/L) 24 ±2 23.9 24.9 19.2 21.3 

ABE (m mol/L) 0 ± 2 0.4 1.2 −5.9 −3.1 

SV (mL/beat) 60~100 6.4 6.0 8.5 

CI (L/min/m 
2 

) 2.5~4.0 2.5 2.3 3.7 

SVV (%) 10~15 16 13 16 
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eneral condition started worsening. She had been hospitalized for heart transplantation and radical

peration of the heart. Ultimately, she died from respiratory failure with tracheal obstruction caused

y TBM and granuloma eight months later at NICU. 

Consent: Informed consent was obtained from the parents of the patient for this case report

Fig 4) . 

eview of the literature 

This study reviewed Japanese and English-language literature describing complication of CL/P from

998 to 2017 in Japan. PubMed was used to search English-language literature, and Japana Centra

evuo Medicina Web was used for Japanese-language literature. Presence of TB/M, congenital heart

isease, respiratory disease (which included history of chronic bronchitis, pulmonary disorders, and

sthma), and chromosome aberration and syndrome were compared. After analyzing the titles, ab-

tracts, and full-texts, 22 studies met the final inclusion criteria. Twenty studies reported between all

L/P and complications ( Table 2 ). One study reported about submucous CP, and the other reported

ll CL/P and facial cleft. CP and CL/P were increased risk of complication of congenital heart disease

1.9–22.2%) and chromosome aberration and syndrome (17.5%). A smaller percentage of each kind of
63 
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Fig. 4. 

Table 2 

Complications of CL/P from 1998 to 2017 in Japan. 

Source Cases Total 

Patients, n 

Complications(%) 

TM and/or TBM CHD Respiratory 

diseases 

Chromosomeaberation/ 

Syndrome 

Kibe et al.,2017 CL/P 1100 4.0 NR 1.5 

Shiraishi et al., 2017 CL/P 72 12.5 NR 8.3 

Ominato et al., 2016 Submucous CP 84 9.5 NR 16.6 

Nishimura et al., 2016 CL/P 1428 2.56 NR 4.68 

Kato et al., 2015 CL/P 148 18.0 4.5 NR 

Yoshida et al., 2014 CL/P 661 4.1 NR 4.5 

Matsumura et al.,2014 CL/P 228 22.2 NR NR 

Mikoya et al.,2011 CL/P 461 13.8 2.4 NR 

Yamamota et al.,2009 CL/P 311 17.6 NR 17.6 

Kohara et al.,2008 CL/P 1366 10.2 1.2 15.7 

Kuninaka et al., 2007 CL/P 496 5.8 NR NR 

Saeki et al., 2007 CL/P 147 Not Reported 4.0 NR 3.4 

Kanbara et al., 2005 CL/P 571 3.1 0.7 3.1 

Yamamota et al., 2004 CL/P 393 2.2 NR 2.5 

Fujimota et al., 2003 CL/P 332 4.2 NR 11.1 

Otsuki et al., 2002 CL/P 365 9.6 NR NR 

Hanaika et al., 2002 CL/P 569 3.6 NR 4.7 

Sugiura et al., 2000 CL/P 47 15.6 4.4 NR 

Ryoke et al.,1994 Orofacial cleft 497 2.8 NR 4.4 

Kishiba et al., 1993 CL/P 472 5.0 NR 0.8 

Nishio et al.,1993 CL/P 239 10.0 1.3 17.5 

Mure et al., 1990 CL/P 462 1.9 NR 1.0 

c  

s  

P

D

 

m  

b  

e  
hromosome aberration and syndrome were at risk for complications with CL/P. Mucopolysaccharido-

is, CHARGE syndrome, VATER syndrome, Trisomy 9, Trisomy 21, 11p13 deletion, 22q11 deletion, and

ierre-Robin syndrome were included. However, we could not find any information regarding TMB. 

iscussion 

Tracheomalacia (TM) is usually localized in either one portion or the entirety of the trachea. If the

ainstem bronchi are also involved, the term tracheobronchomalacia (TMB) is employed. It should

e noted that, historically, many authors have used TM and TBM interchangeably. 1 TBM may cause

xcessive collapsing of the airways. TBM is characterized by increased compliance of the central air-
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ay within the thorax. Some trigger events, such as crying in this case, can lead to excessive dynamic

ollapse. 2 

There are a few reports that cite the incidence of congenital TM as between 0.05%–4.5%. 3–6 Car-

iovascular abnormalities are found in 20%–58% of patients with TM. 7 , 8 TM is related to substantial

orbidity and mortality. In the case of severe TM, the mortality rate can reach almost 80%. 9 CL/P is

ne of the most common craniofacial anomalies with an incidence rate of 7–10 in 10,0 0 0 births. 10 , 11

HD and CL/P may be associated with each other with high incidence. In 2017, Munabi et al. 12 con-

ucted a literature review including a total of 6942 CL/P patients and found that 8.77% of CL/P pa-

ients had CHD. The literature review carried out for this study included a total of 10,449 CL/P (LP, CP,

nd CLP) patients in Japan from 1990 to 2017. 13–34 CL/P had an increased risk of CHD complication

1.9%–22.2%) and chromosome aberration and syndrome (17.5%). A smaller percentage of each kind of

hromosome aberration and syndrome were at risk for complications with CL/P. Mucopolysaccharido-

is, CHARGE syndrome, VATER syndrome, Trisomy 9, Trisomy 21, 11p13 deletion, 22q11 deletion, and

ierre-Robin syndrome were included. However, no literature was found relating the aforementioned

ith TMB. 

TBM is usually asymptomatic and cannot be found using chest radiography 35 as it rarely shows

yspnea, hemoptysis, and/or an intractable cough. Therefore, TBM is often overlooked. In the case

f pediatric patients, they cannot often explain the details of their symptoms well, are usually not

ooperative, and often refuse clinical examinations. Moreover, if these patients have cyanotic CHD who

how daily hypoxic symptom or showed no abnormality in respiration. Subsequently, it is difficult for

edical staff to obtain the diagnosis of TBM or vocal adhesion 

36 before operation and administration

f general anesthesia. Therefore, physicians may encounter patients with sudden severe respiratory

rouble in the perioperative period. 

Bronchoscopy has been considered as the standard method for diagnosing TBM. 37 , 38 However, it

ften overlooks TBM, as in the case reported in this review wherein preoperative bronchoscopy did

ot reveal TBM. Both negative and positive airway pressure are necessary to obtain the exact diagno-

is for TBM. It should be noted that deep inhalation and a strong cough during the examination may

elp in diagnosis. In recent years, multi-detector CT has provided accurate 3-dimentional (3D) imag-

ng of the thoracic structure. In this case, preoperative examinations including a chest radiography

nd a bronchoscopy were within normal limits. The bronchoscopy also revealed no abnormalities. The

atient showed no symptoms suggesting TBM before the cheiloplasty. She had undergone several op-

rations under general anesthesia with tracheal intubation and/or tracheotomy with no complications.

he had frequent hypoxic events due to TOF. These complex situations may have made it difficult to

btain accurate information about her trachea and bronchus. Hence, the presence of TBM could not

ave been detected in advance. 

In CHD patients with TBM, 45% percent of them receive diagnosis of TBM after cardiac surgery.

BM had often been found as these patients suffered from difficulty of weaning from mechanical

entilation and/or extubation. This suggests that TBM should be suspected in patients with unex-

ected postoperative respiratory difficulty. 39 In general, tracheal intubation or tracheostomy are rec-

mmended strategies for dyspnea due to airway constriction. In the case of sudden bronchospasms,

ositive pressure ventilation with 100% oxygen should be attempted as soon as possible. In this spe-

ific case, it was suspected that there was acute obstruction of the trachea when the female suffered

rom dyspnea as she had no history of asthma. During induction of anesthesia, SpO 2 was maintained

ell under normal spontaneous respiration. After administration of the muscle relaxant, positive pres-

ure ventilation was performed. Therefore, when sudden dyspnea appeared, bronchospasm had al-

eady been ruled out. It was expected that positive pressure ventilation and suction via tracheostomy-

ube would remove secretion and that airway obstruction would be easily released. Collapsing of the

rachea and bronchus were not expected, and positive pressure ventilation and suction did not im-

rove the respiratory condition. Bronchoscopy showed clear collapsing of the trachea and bronchus,

nd TBM was then diagnosed. Strong negative intrathoracic pressure was caused by crying, which may

ave triggered the collapsing of the trachea and bronchus. In patients with congenital TBM, collapsing

f the trachea and/or the bronchus often occurs under semi-conscious state after general anesthesia.

n 1955, Proctor 40 explained the unstable condition of the trachea and/or the bronchus as “paradoxical

espiration”. Therefore, attention should be given to the collapse during emergence from anesthesia.
65 
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dditionally, crying should be prevented as intrathoracic negative pressure may cause narrowing and

dhesion of the tracheal mucosa, which can further lead to complete airway obstruction. 

In this case, direct force of manual chest compression in CPR and positive pressure ventilation was

ortunately able to open the trachea and bronchus. However, if the area of airway obstruction had

xtended to the bronchus, a normal tracheal-tube may have been too short to reach beyond the col-

apsed area. Further, if severe stenosis of the trachea and the bronchus had occurred, tracheal intuba-

ion and tracheostomy would have been insufficient for opening the collapse even with high pressure

dministered into the airway. Currently, only extracorporeal circulation or extra corporeal membrane

xygenator have been regarded as viable options for treatment. 41 However, these cannot be used to

espond appropriately to acute respiratory disorders as they require advance preparation. Prevention

f sudden collapse may be the only way to save the life of a patient with TBM. 

onclusions 

This review highlights a case of TMB-related collapsing of the trachea after cheiloplasty in a baby

ith CHD. It is difficult to diagnose TBM as this congenital disease presents relatively few symptoms

reoperatively. Severe airway collapse due to TBM is a life-threating situation and usually appears

fter surgery, especially during emergence from general anesthesia. There are very few ways of treat-

ng patients effectively when this occurs. It is therefore imperative that the existence of TBM in CL/P

atients, especially those with CHD, be further scrutinized and studied. 
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